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,QWURGXFWLRQ
&RPEDWLQJ JOREDO ZDUPLQJ DQG FOLPDWH FKDQJH LV RQH RI WKH PRVW LPSRUWDQW FKDOOHQJHV IDFLQJ
PDQNLQG$VDUHVXOWRILWVKHDY\GHSHQGHQFHRQIRVVLOIXHOVWKHWUDQVSRUWVHFWRULVDVLJQLILFDQWFRQVXPHU
RI HQHUJ\ DQG DPDMRU VRXUFH RI JUHHQKRXVH JDV *+* HPLVVLRQV 7KH WUDQVSRUW VHFWRU DFFRXQWHG IRU
DURXQGRIWRWDOILQDOHQHUJ\FRQVXPSWLRQLQWKH(8LQDQGZDVUHVSRQVLEOHIRUDURXQG
RI *+* HPLVVLRQV 5RDG WUDQVSRUW LV WKH GRPLQDQW PRGH HPLWWLQJ  RI DOO WUDQVSRUWUHODWHG *+*
HPLVVLRQV(XURSHDQ&RPPLVVLRQ
$PDMRUFRQFHUQ LV WKDWRYHUDOO WUDQVSRUWDFWLYLW\±DQGKHQFH*+*HPLVVLRQV IURPWKHVHFWRU±KDV
VKRZQDFRQWLQXRXVLQFUHDVHVLQFH%HWZHHQDQGSDVVHQJHUWUDQVSRUWE\FDULQFUHDVHGE\
DQGSDVVHQJHUWUDQVSRUWE\EXVRUFRDFKLQFUHDVHGE\7KHUHZHUHODUJHLQFUHDVHVLQERWKURDG
IUHLJKWWUDQVSRUWDOPRVWDQGSDVVHQJHUWUDQVSRUWE\DLU(XURSHDQ&RPPLVVLRQ,QWKH
FDVH RI SULYDWH PRWRULVHG WUDQVSRUW WKH JHQHUDO WUHQG RI PRUH RU OHVV FRQWLQXDO JURZWK GXULQJ UHFHQW
GHFDGHV KDV EHHQ GULYHQ SULPDULO\ E\ WKH DVVRFLDWLRQ RI SHUVRQDO PRELOLW\ ZLWK TXDOLW\ RI OLIH DQG
HFRQRPLFGHYHORSPHQW8KHUHNHWDODQGLWVFRQVHTXHQFHLQWHUPVRIYHKLFOHRZQHUVKLSDQGXVH
)RU WKHVH UHDVRQV WKHUH KDV EHHQ D VLJQLILFDQW HIIRUW DW WKH WHFKQRORJ\ IURQW WR GHFUHDVH HQHUJ\
FRQVXPSWLRQDQG&2HPLVVLRQVIURPYHKLFOHV3DVVHQJHUFDUVKDYHEHHQKLVWRULFDOO\WKHILUVWURDGVHFWRU
IRUZKLFKHPLVVLRQUHGXFWLRQVKDYHEHHQDJUHHG7KHYROXQWDU\DJUHHPHQWRIWKH(XURSHDQ&RPPLVVLRQ
ZLWK WKH DXWRPRWLYH LQGXVWU\ &RPPLVVLRQ5HFRPPHQGDWLRQ(&ZDV WKH ILUVW DWWHPSW WR VHW
&2 HPLVVLRQ WDUJHWV IRU QHZ SDVVHQJHU FDUV ,Q WKLV SURFHVV DOWKRXJK VLJQLILFDQW HPLVVLRQ UHGXFWLRQV
ZHUHDFKLHYHGE\WKHYHKLFOHPDQXIDFWXUHUVLQYLHZRIWKHJNPWDUJHWWKDWKDGDJUHHGE\LW
ZDVQRWPDGHHYHQWXDOO\SRVVLEOHWRUHDFKWKHUHGXFWLRQVSURSRVHG$VDUHVXOWWKH(XURSHDQ3DUOLDPHQW
DQG WKH&RXQFLO LVVXHG5HJXODWLRQ1R  LQWURGXFLQJPDQGDWRU\&2 HPLVVLRQV OLPLWV IRU QHZ
SDVVHQJHUFDUV7KHUHJXODWLRQVSHFLILHVWKDWHDFKYHKLFOHPDQXIDFWXUHUPXVWDFKLHYHDIOHHWDYHUDJH&2
HPLVVLRQWDUJHWRIJNPE\IRUDOOQHZFDUVUHJLVWHUHGLQWKH(8$IXUWKHUUHGXFWLRQRIJNP
LVWREHUHDFKHGE\DGGLWLRQDOPHDVXUHVVXFKDVWKHXVHRIELRIXHOV7KHUHJXODWLRQDOVRGHILQHVDORQJHU
WHUP WDUJHW RI JNP WREH UHDFKHGE\7KHVH WDUJHW OLPLWV DUH VHW WDNLQJ LQWR DFFRXQW HPLVVLRQ
OHYHOVSURGXFHGRYHUWKHW\SHDSSURYDOGULYLQJF\FOHWKH1HZ(XURSHDQ'ULYLQJ&\FOH±1('&
$OWKRXJKWDUJHWVKDYHEHHQDJUHHGLQWKHUHJXODWLRQV WKHUHDUHQRUHFRPPHQGDWLRQVRUJXLGHOLQHVRQ
KRZ WKHVH WDUJHWV KDYH WREH UHDFKHG7KDW LV WKHUH DUHQRSUHVFULSWLRQV LQ WKH UHJXODWLRQV DV WRZKLFK
WHFKQRORJLHVRUIXHOVKDYHWREHXVHGRUZKDWYHKLFOHVL]HVKDYHWREHLQWURGXFHGWRUHDFKWKHWDUJHWV,Q
SULQFLSOHHYHU\PDQXIDFWXUHULVDOORZHGWRGHYHORSLWVRZQVWUDWHJ\DVORQJDVWKHPHDQ&2WDUJHWRYHU
WKH1('& LV UHDFKHG IRU WKHYHKLFOHV VROG7KHGLIIHUHQW VWUDWHJLHV LQWURGXFHGPD\KDYHGLIIHUHQW UHDO
ZRUOGLPSOLFDWLRQV$VWUDWHJ\ZKLFKLVEDVHGPDLQO\ LQWKHLQWURGXFWLRQRIK\EULGYHKLFOHVPD\ OHDGWR
GLIIHUHQWUHDOZRUOGHPLVVLRQVWKDQIRUH[DPSOHLQWURGXFWLRQRIVPDOOGLHVHOYHKLFOHVDOWKRXJKWKHPHDQ
HPLVVLRQVRYHUWKH1('&PD\EHWKHVDPH,WLVWKHUHIRUHLQWHUHVWLQJWRH[SORUHWKHDFWXDO&2HPLVVLRQ
UHGXFWLRQVWREHUHDFKHGE\WKHVDPHHPLVVLRQWDUJHWEXWXVLQJGLIIHUHQWVWUDWHJLHVWRDFKLHYHWKLV
0HWKRGRORJ\
*HQHUDODSSURDFK
)RU WKH SXUSRVHV RI WKH SUHVHQW VWXG\ WKH &58,6( PRGHO $9/¶V YHKLFOH DQG SRZHUWUDLQ OHYHO
VLPXODWLRQWRROKWWSVZZZDYOFRPFUXLVHZDVXVHGWRVLPXODWHYHKLFOHHQJLQHRSHUDWLRQRYHUFHUWDLQ
GULYLQJF\FOHV,Q&58,6(DYHKLFOHLVJUDSKLFDOO\VHWXSSURYLGLQJDOONLQGVRISRZHUWUDLQGHWDLOVZKHHO
VL]H JHDUER[ GLIIHUHQWLDO HQJLQH W\SH HWF 7KHQ DQ HQJLQH PDS LV JLYHQ ZKHUH WKH HQJLQH
FKDUDFWHULVWLFVEHLWFRQVXPSWLRQSROOXWDQWVQRLVHHWFDUHSURYLGHGDVDIXQFWLRQRIWKHHQJLQHVSHHG
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DQGSRZHU7KHQWKHYHKLFOH LVDOORZHGWRRSHUDWHRYHUGLIIHUHQWVSHHGSURILOHVGULYLQJF\FOHVDQGWKH
VRIWZDUHVLPXODWHVWKHYHKLFOHDQGHQJLQHRSHUDWLRQE\ZKLFKLWFDQSURGXFHWRWDOIXHOFRQVXPHGDQGWRWDO
HPLVVLRQVSURGXFHG7KHVXFFHVVLQWKHVLPXODWLRQGHSHQGVRQWKHTXDOLW\RILQSXWGDWDGHOLYHUHGERWKRQ
WKHYHKLFOHDQGHQJLQHIURQWV
7KHPDLQ YDULDEOHVZKLFKZHUHXVHG DV DQ LQSXW WR WKHPRGHOZHUH IXHO FRQVXPSWLRQ HQJLQHPDSV
UDWHG HQJLQH SRZHU IURQWDO DUHD DQG DHURG\QDPLF GUDJ YHKLFOHPDVV UROOLQJ UHVLVWDQFH FRHIILFLHQWV
JHDUDQGILQDOGULYHUDWLRVZKHHOGLDPHWHUDQGGLPHQVLRQVDQGZHLJKWRIYDULRXVFRPSRQHQWVIRUW\SLFDO
SDVVHQJHUFDUVRIGLIIHUHQWWHFKQRORJ\7KHVHGDWDZHUHUHWULHYHGIURPVHYHUDOVRXUFHVVXFKDVPHDVXUHG
FRDVWGRZQFXUYHVPHDVXUHGHQJLQHPDSVW\SHDSSURYDOGDWD9&$OLWHUDWXUHVFLHQWLILFSDSHUV
RUGLQDU\SUHVVPDJD]LQHVSUHVVUHOHDVHVDQGVSHFLDOL]HGZHEVLWHV
7KHIROORZLQJDSSURDFKZDVJHQHUDOO\LPSOHPHQWHG)LUVWVRPHW\SLFDOJDVROLQHDQGGLHVHOFDUVIURP
WKH(XURSHDQ VWRFNZHUH VHOHFWHG DQGPLOGO\ LPSURYHG WKURXJK VLPXODWLRQ WRPHHW WKH  JNP WDUJHW
RYHU WKH 1('& 7KHPLOG LPSURYHPHQWV LQFOXGHG UHGXFWLRQ LQ WKHPDVV LPSURYHPHQWV LQ WKH HQJLQH
HIILFLHQF\ UHGXFWLRQ LQ WKH UROOLQJ UHVLVWDQFH IDFWRUV IXUWKHU UHILQHPHQW RI WKH DHURG\QDPLFV RI WKH
YHKLFOHDQGRSWLPL]DWLRQRIWKHJHDUUDWLRWRLPSURYHIXHOHFRQRP\7KLVLVRQHSDWKRIDFKLHYLQJWKH
JNPUHTXLUHPHQWLQLHE\JUDGXDOLPSURYHPHQWVRQH[LVWLQJZLGHVSUHDGWHFKQRORJLHV7KHVHFRQG
DSSURDFKZDVWRLQWURGXFHWZRDGYDQFHGWHFKQRORJ\YHKLFOHVZKLFKPD\DFKLHYH&2HPLVVLRQVDOUHDG\
EHORZWKHJNPUHTXLUHPHQW7KHILUVWDGYDQFHGWHFKQRORJ\KDVEHHQWKHZHOONQRZQJDVROLQHK\EULG
WHFKQRORJ\ ZKHUH DQ HOHFWULF PRWRU LV XVHG WR DVVLVW WKH HQJLQH GXULQJ DFFHOHUDWLRQ DQG KLJK ORDG
FRQGLWLRQV &XUUHQW K\EULG YHKLFOHV FDQ DOUHDG\ DFKLHYH WKH  JNP WDUJHW 7KH VHFRQG DGYDQFHG
WHFKQRORJ\KDVEHHQDQHOHFWULFFDUZLWKDJDVROLQHUDQJHH[WHQGHU6XFKDFRQILJXUDWLRQDOVRFRQVLVWVE\
DQ LQWHUQDO FRPEXVWLRQ HQJLQH DQG HOHFWULFPRWRU EXW WKH SRZHU WR WKHZKHHOV LV RQO\ SURYLGHGE\ WKH
HOHFWULFPRWRU7KHHQJLQHLVRQO\XVHGWRSRZHUDJHQHUDWRUWKDWGULYHVWKHHOHFWULFPRWRU&RPSDUHGWRD
K\EULGYHKLFOHDQHOHFWULFYHKLFOHZLWKUDQJHH[WHQGHURIIHUVDORQJHUDOOHOHFWULFUDQJH
2XUDSSURDFKZDVWRLQWURGXFHLPSURYHGFRQYHQWLRQDODQGDGYDQFHGYHKLFOHWHFKQRORJLHVLQGLIIHUHQW
SURSRUWLRQV DORQJ GLIIHUHQW VFHQDULRV DQG REVHUYH WKHLU LPSDFW LQ UHDOZRUOG &2 UHGXFWLRQV ZKLOH
DFKLHYLQJWKHVDPH&2WDUJHWRYHUWKH1('&WHVWLQDOOVFHQDULRV
9HKLFOHFRQILJXUDWLRQ
7ZR SRSXODU YHKLFOH PRGHOV WKH 3HXJHRW   DQG WKH )RUG .D  'XUDWHF ZHUH VHOHFWHG DV
UHSUHVHQWDWLYHW\SHVRIWKHVPDOOJDVROLQHFDUFDWHJRU\WRHVWDEOLVKEDVHFDVHHPLVVLRQV7KH3HXJHRWKDV
RQHRIWKHORZHVW&2HPLVVLRQYDOXHVRIFRQYHQWLRQDOYHKLFOHVLQWKHPDUNHWWRGD\JNPZKLOHWKH
)RUGPDLQO\GXHWRLWVVL]HHPLWVVRPHJNPKLJKHUWKDQWKHDYHUDJHWDUJHW7KLVLVKRZHYHUD
YHU\FRPPRQYHKLFOHLQWKH(XURSHDQVWRFN7KHWZRVPDOOGLHVHOFDUVVHOHFWHGLQFOXGHGWKH6PDUWIRUWZR
FGLZKLFKLVDOUHDG\EHORZWKHJNPOLPLWDQGWKH)LDW07-ZKLFKLVDW\SLFDOVPDOOGLHVHO
YHKLFOHZLWK&2HPLVVLRQVFORVH WR WKH WDUJHW.H\ WHFKQLFDOVSHFLILFDWLRQV IRU WKHVHYHKLFOHVDUH
SUHVHQWHG LQ 7DEOH  7KH W\SH DSSURYDO 7$ &2 HPLVVLRQV UHSRUWHG E\ WKH PDQXIDFWXUHU IRU HDFK
YHKLFOHDUHDOVRLQFOXGHGLQWKHWDEOH
7KH6PDUWIRUWZRLVDOUHDG\EHORZWKHWDUJHWRIJNPKHQFHQRDGGLWLRQDOLPSURYHPHQWVZHUH
EURXJKWWRWKLVYHKLFOH$OORWKHUFRQYHQWLRQDOYHKLFOHVZHUHDERYHWKHOLPLW$QXPEHURILPSURYHPHQWV
ZHUHLQWURGXFHGLQRUGHUWREULQJWKHPDORQJWKH&2WDUJHWVDQGLQWURGXFHWKHPDVFKDUDFWHULVWLF
YHKLFOHV WR WKH VFHQDULRV 7KHVH LPSURYHPHQWV DUH VXPPDUL]HG LQ 7DEOH  DQG DUH UDWKHU PLOG RQHV
H[SHFWHG WR EH HDVLO\ REWDLQHG E\ WHFKQRORJ\ LPSURYHPHQW 7KH YDOXHV LQ 7DEOH  DUH QRW D XQLTXH
FRPELQDWLRQWRUHDFKWKHJNPWDUJHWEXWWKH\UHSUHVHQWDIHDVLEOHDSSURDFKEDVHGRQREVHUYHGFXUUHQW
WUHQGVDQGH[SHFWHGIXWXUHGHYHORSPHQWV6HYHUDORWKHURSWLRQVH[LVWLGHQWLI\LQJDOOWKHVHRSWLRQVLVQRW
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H[SHFWHGWRIXQGDPHQWDOO\FKDQJHWKHFRQFOXVLRQVRIWKLVVWXG\+HQFHWKHLPSURYHGVSHFVFRQYHQWLRQDO
YHKLFOHVFDQEHFRQVLGHUHGW\SLFDORIVPDOOJDVROLQHDQGGLHVHOFDUVLQ
7DEOH0DLQWHFKQLFDOGDWDIRUWKHVHOHFWHGVPDOOJDVROLQHDQGGLHVHOFDUV
,QSXWSDUDPHWHU 3HXJHRW )RUG.D 6PDUWIRUWZR )LDW
0DVVHPSW\NJ    
'UDJFRHIILFLHQW    
)URQWDODUHDP    
(QJLQHFDSDFLW\O    
)XHOW\SH *DVROLQH *DVROLQH 'LHVHO 'LHVHO
0D[WRUTXH1P    
0D[SRZHUN:    
&2JNP    
7DEOH,PSURYHPHQWVLQWURGXFHGWRFRQYHQWLRQDOYHKLFOHVWRPHHWWKHWDUJHWV
3DUDPHWHU 3HXJHRW )RUG.D )LDW
9HKLFOHPDVV   
'UDJFRHIILFLHQW   
*HDUUDWLRV   
(QJLQHHIILFLHQF\   
7$&2HPLVVLRQV   

$ IXOO K\EULG HOHFWULFPLGVL]H FDU 7R\RWD3ULXV DQG DQ HOHFWULF YHKLFOHZLWK UDQJH H[WHQGHU 2SHO
$PSHUDZHUHDOVRVHOHFWHGDVUHSUHVHQWDWLYHRIWKHDGYDQFHGYHKLFOHWHFKQRORJLHV7KH&2HPLVVLRQVRI
WKH WKLUG JHQHUDWLRQ 7R\RWD 3ULXV  PRGHO \HDU DUH DV ORZ DV  JNP VLJQLILFDQWO\ UHGXFHG
FRPSDUHG WR WKH  JNP RI WKH SUHYLRXV QG JHQHUDWLRQ 3ULXV 7KH 2SHO $PSHUD XVHV HOHFWULFLW\
SURYLGHG WKURXJK WKH JULG DV LWV SULPDU\ SRZHU VRXUFH DQG JDVROLQH DV D VHFRQGDU\ SRZHU VRXUFH WR
JHQHUDWHHOHFWULFLW\WKURXJKDQLQWHUQDOFRPEXVWLRQHQJLQH,QFRQWUDU\WRDK\EULGRUSOXJLQK\EULGWKDW
XVHERWKWKHLQWHUQDOFRPEXVWLRQHQJLQHDQGWKHHOHFWULFDOPRWRUWRGLUHFWO\SRZHUWKHZKHHOVDQHOHFWULF
YHKLFOHZLWKDUDQJHH[WHQGHULVRQO\SURSHOOHGE\WKHHOHFWULFGULYHXQLWDQGWKHHQJLQHLVRQO\XVHGWR
SRZHU D JHQHUDWRU DQG SURGXFH HOHFWULFLW\ WR UHFKDUJH WKH EDWWHULHV 7KLV LV ZK\ LW LV HTXLSSHGZLWK D
VWURQJHUHOHFWULFDOPRWRUDQGODUJHUEDWWHULHVWKDQK\EULGYHKLFOHV7KH2SHO$PSHUDLV WKHILUVWYHKLFOH
LQWURGXFLQJWKLVWHFKQRORJ\DQGDFFRUGLQJWRWKHPDQXIDFWXUHUKDVDQDOOHOHFWULFUDQJHRINP:LWKLQ
WKLV UDQJH LW HPLWV QR WDLOSLSH &2 DV LW LV SUDFWLFDOO\ GULYHQ DV DQ HOHFWULF YHKLFOH .H\ WHFKQLFDO
VSHFLILFDWLRQVIRUWKHVHWZRYHKLFOHVDUHSUHVHQWHGLQ7DEOH
7\SHDSSURYDO&2HPLVVLRQVIRUWKH2SHO$PSHUDDUHGHWHUPLQHGE\WKHWHVWSURFHGXUHGHVFULEHGLQ
81(&($FFRUGLQJ WR WKLV WZR WHVWVDUHFDUULHGRXWRQHZLWKD IXOO\FKDUJHGEDWWHU\DQGRQH
ZLWKDEDWWHU\DWPLQLPXPVWDWHRIFKDUJH:HLJKWHGYDOXHVRI&2HPLVVLRQVDUHWKHQFDOFXODWHGZLWKWKH
IROORZLQJIRUPXOD
0+(9 'Hî0'DYî0'H'DY 
:KHUH0+(9LVWKHPDVVHPLVVLRQRI&2LQJNP0LVWKHPDVVHPLVVLRQRI&2LQJNPZLWK
DIXOO\FKDUJHGHOHFWULFDOHQHUJ\SRZHUVWRUDJHGHYLFH0LVWKHPDVVHPLVVLRQRI&2LQJNPZLWKDQ
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HOHFWULFDOHQHUJ\SRZHUVWRUDJHGHYLFHDWPLQLPXPVWDWHRIFKDUJHPD[LPXPGLVFKDUJHRIFDSDFLW\'H
LV YHKLFOH¶V HOHFWULF UDQJH DQG 'DY    NP LV WKH DVVXPHG DYHUDJH GLVWDQFH EHWZHHQ WZR EDWWHU\
UHFKDUJHV
7DEOH0DLQWHFKQLFDOGDWDIRUWKHK\EULGDQGWKHHOHFWULFYHKLFOH
,QSXWSDUDPHWHU 7R\RWD3ULXV 2SHO$PSHUD
(PSW\YHKLFOHPDVVNJ  
'UDJFRHIILFLHQW  
)URQWDODUHDP  
0D[HQJLQHWRUTXH1P  
0D[HQJLQHSRZHUN:  
0D[HOHFWULFPRWRUWRUTXH1P  
0D[HOHFWULFPRWRUSRZHUN:  
0D[EDWWHU\FDSDFLW\$K  
&2HPLVVLRQVJNP  
6FHQDULRVLPXODWLRQV
7KHVSHFLILFDWLRQVRIWKHVHYHKLFOHVZHUHLQWURGXFHGLQWKH&58,6(PRGHODQGWKHLUHPLVVLRQVZHUH
FDOFXODWHG RYHU WKH 1('& DQG RYHU UHDOZRUOG GULYLQJ F\FOHV 7KH ODWWHU ZHUH GHULYHG IURP WKH
$57(0,6SURMHFW$QGUpDQGKDYHEHHQZLGHO\FRQVLGHUHGWRUHSUHVHQWDFWXDOGULYLQJFRQGLWLRQV
LQ XUEDQ UXUDO DQG KLJKZD\ FRQGLWLRQV UHVSHFWLYHO\ 7KLV PDGH SRVVLEOH WR SUHGLFW WKH UHDOZRUOG
EHKDYLRXURIWKHYHKLFOHVLQWHUPVRIWKHLUDFWXDO&2HPLVVLRQOHYHOV
7KH GLIIHUHQW YHKLFOHV VLPXODWHG ZHUH WKHQ LQWURGXFHG LQ WKH VWRFN DW YDULRXV UDWHV 7KH *HUPDQ
YHKLFOH IOHHUZDV VHOHFWHGDV D WHVW FDVHEHFDXVH WKLV LV D G\QDPLF VWRFNZLWK IDVW YHKLFOH UHSODFHPHQW
UDWHV DQG JHQHUDOO\ VKRUW OLIHWLPH RI WKH YHKLFOHV LQ RSHUDWLRQ 7KLV DOORZV D IDVW WHFKQRORJLFDO
UHSODFHPHQW DQG DOORZV DQ\ LPSDFWV RI WKH WHFKQRORJ\ FKDQJH WREHPD[LPL]HG7KHSURMHFWLRQRI WKH
WRWDOVWRFNJURZWKLQ*HUPDQ\ZDVGHOLYHUHGE\WKH/,)((&0$&6SURMHFWZZZHFPDFVHX'DWD
IURP WKLV SURMHFW KDYH VHUYHG DV LQSXW WRKLJK OHYHO SURMHFWLRQV LQ(XURSH VXFK DV WKHRQHXVHG LQ WKH
:KLWH3DSHURQ7UDQVSRUWDQGWKH7KHPDWLF6WUDWHJ\RQ$LU3ROOXWLRQKHQFHDUHFRQVLVWHQWZLWKWKHORQJ
WHUPSODQQLQJLQ(8
5HVXOWV
(VWLPDWHGYHKLFOHSHUIRUPDQFH
7DEOH  VKRZV WKH HPLVVLRQ OHYHO RI WKH LPSURYHG JDVROLQH DQG GLHVHO YHKLFOHV H[SHFWHG WR EH LQ
RSHUDWLRQ LQ  7KHVH KDYH EHHQ FDOFXODWHG E\ WKH &58,6(PRGHO VWDUWLQJ IURP WKH JDVROLQH DQG
GLHVHO YHKLFOHV LQ 7DEOH  DQG LQWURGXFLQJ WKH LQFUHPHQWDO FKDQJHV RI 7DEOH  (PLVVLRQV KDYH EHHQ
FDOFXODWHGERWKIRUWKHW\SHDSSURYDOGULYLQJF\FOH1('&DQGWKHWKUHHUHDOZRUOGGULYLQJF\FOHV7KH
PHDQHPLVVLRQSHUIRUPDQFHDOVRWDNLQJLQWRDFFRXQWWKHGXUDWLRQRIWKHWKUHHUHDOZRUOGGULYLQJF\FOHV
LVVKRZQLQ WKH ODVW URZRI WKH WDEOH7KHUHDOZRUOGSHUIRUPDQFHUHVXOWV WRKLJKHU&2HPLVVLRQV WKDQ
RYHU WKH W\SHDSSURYDO WHVW 7KH UHDVRQ IRU WKLV LV WKH PRUH WUDQVLHQW FKDUDFWHU DQG WKH VWURQJHU
DFFHOHUDWLRQV HQFRXQWHUHG LQ WKH UHDOZRUOG WKDQ LQ W\SHDSSURYDO 7KH UHODWLYH GLIIHUHQFH EHWZHHQ WKH
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UHDOZRUOGDQGW\SHDSSURYDOWHVWVGHSHQGVRQWKHYHKLFOHFRQVLGHUHGDQGUDQJHVIURPWR7DEOH
DOVRVKRZVWKH&2HPLVVLRQVRIWKHK\EULGYHKLFOHZLWKRXWLQWURGXFLQJDQ\DGGLWLRQDOLPSURYHPHQWV
DVWKLVLVDOUHDG\EHORZWKHWDUJHW
7DEOH&2JNPHPLVVLRQVRIVSHFVYHKLFOHVLQW\SHDSSURYDODQGUHDOZRUOGF\FOHV
'ULYLQJF\FOH *DVROLQH *DVROLQH 'LHVHO 'LHVHO *DVROLQH+\EULG
1('&     
$UWHPLVXUEDQ     
$UWHPLVURDG     
$UWHPLVPRWRUZD\     
$UWHPLVDOO     

$Q DOWHUQDWLYH DSSURDFK KDG WR EH IROORZHG IRU WKH HOHFWULF YHKLFOH ZLWK UDQJH H[WHQGHU 7DLOSLSH
HPLVVLRQVIURPVXFKYHKLFOHVDUHDIXQFWLRQRIWKHGLVWDQFHRIWKHWULSWKHLQLWLDOEDWWHU\FKDUJHOHYHODQG
WKHVSHHG6KRUWWULSVXSWRaNPFDQEHFRQGXFWHGRQO\ZLWKWKHHOHFWULFPRWRUUXQQLQJKHQFHWKH\
GRQRWUHVXOWWRWKHSURGXFWLRQRIDQ\&2HPLVVLRQV$W\SLFDOEHKDYLRXURIWKHVHYHKLFOHVLVVKRZQLQ
)LJXUH  7KLV JUDSK KDV EHHQ SURGXFHG E\ VLPXODWLQJ ZLWK &58,6( WKH IXOO VXLWH RI $UWHPLV F\FOHV
8UEDQ5XUDO0RWRUZD\DQGWKHQFRQWLQXLQJE\H[HFXWLQJDQXPEHURIFRQVHFXWLYH0RWRUZD\F\FOHV
7KHUHDVRQRIFKRRVLQJ0RWRUZD\WRH[WHQGWKHWULSGLVWDQFHLVEDVHGRQWKHDVVXPSWLRQWKDWWULSV!NP
VKRXOGLQSULQFLSOHEHH[HFXWHGLQKLJKZD\V7KHSHUIRUPDQFHLQ)LJXUHZRXOGEHVOLJKWO\GLIIHUHQWKDG
WKHVLPXODWLRQEHHQFRQGXFWHGZLWKFRQVHFXWLYHXUEDQRUUXUDOF\FOHV

)LJ(QHUJ\DQG&2HPLVVLRQVRIDQHOHFWULFFDUZLWKUDQJHH[WHQGHUDVDIXQFWLRQRIWKHGLVWDQFHWUDYHOOHG
)LJXUH  VKRZV WZR GLIIHUHQW VHWV RI &2 HPLVVLRQ IDFWRUV 2QH VHW UHIHUV WR WKH ³WDLOSLSH &2´
HPLVVLRQIDFWRUVLHWKRVHSURGXFHGE\WKHLQWHUQDOFRPEXVWLRQHQJLQHDQGGHOLYHUHGDWWKHH[KDXVWRIWKH
YHKLFOH7KHHPLVVLRQIDFWRUH[SUHVVHGLQJNPLV]HURXSWRDWULSGLVWDQFHRIDSSUR[LPDWHO\NPDQG
WKHQJUDGXDOO\LQFUHDVHVDVWKHEDWWHU\FKDUJHLVGHSOHWHGDQGWKHHQJLQHKDVWREHSRZHUHGXSWRUHFKDUJH
WKHEDWWHULHV7KH³&2IURPJULG´HPLVVLRQIDFWRUUHIHUVWRWKH&2HPLVVLRQVZKLFKDUHQRWSURGXFHGRQ
ERDUGWKHYHKLFOHEXWDUHHTXLYDOHQWWRWKH&2HPLVVLRQVSURGXFHGWRJHQHUDWHWKHHOHFWULFHQHUJ\VWRUHG
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LQ WKH EDWWHULHV 7KH &20- JHQHUDWHG ZLOO GHSHQG RQ WKH HQHUJ\ LQWHQVLW\ RI WKH SRZHU PL[ LQ WKH
SDUWLFXODU UHJLRQ ,Q RXU FDOFXODWLRQVZH WRRN LQWR DFFRXQW WKH DYHUDJH(XURSHDQ HQHUJ\PL[ RI 
FRQVLGHUHG LQ WKH35,0(6EDVHOLQH VFHQDULR (XURSHDQ&RPPLVVLRQ E FRQVLVWLQJRI 
OLTXLGIXHOVVROLGIXHOVJDVHRXVIXHOVQXFOHDUDQGUHQHZDEOHV7KLVUHVXOWVWR
DQDYHUDJHXSVWUHDP&2SURGXFWLRQIDFWRURIJN:K
6FHQDULRUHVXOWV
7KUHH VFHQDULRV IRU WKH SHQHWUDWLRQ RI GLIIHUHQW WHFKQRORJLHV LQ WKH (XURSHDQ YHKLFOH VWRFN ZHUH
GHVLJQHGLQRUGHUWRGHPRQVWUDWHKRZWKHVDPHDYHUDJH&2WDUJHWRYHUWKH1('&PD\EHUHDFKHGZLWK
YDU\LQJ DFWXDO HIIHFWV RQ UHDOZRUOG HPLVVLRQV 7KHVH VFHQDULRV DUH RQO\ PHDQW WR GHPRQVWUDWH WKH
VHQVLWLYLW\ RI UHDOZRUOG &2 HPLVVLRQV WR HQJLQH WHFKQRORJ\ DQG WKH\ GR QRW DWWHPSW WR GLFWDWH D
SDUWLFXODUSDWKWKDWKDVWREHIROORZHGWRUHDFKDWDUJHW
7KHRSWLRQV WRPHHW WKH IXWXUH WDUJHWRIJNPWDLOSLSHRQO\ LQFOXGHVKLIW WRVPDOOHUFDUVHQJLQHV
GRZQVL]LQJ VFHQDULR DQG SHQHWUDWLRQ RI K\EULG K\EULGL]DWLRQ VFHQDULR DQG HOHFWULF HOHFWULILFDWLRQ
VFHQDULR YHKLFOHV)XOO HOHFWULF YHKLFOHV LHZLWKRXW D UDQJH H[WHQGHUPD\EH LQWURGXFHGEXWZH VWLOO
FRQVLGHUWKDWWKHLUQXPEHUVZLOOEHUHODWLYHO\VPDOOWRKDYHDVXEVWDQWLDOLPSDFWRQPHDQ&2HPLVVLRQV
3OXJLQ K\EULGV DUH WKH RWKHU RSWLRQ IRU DQ DGYDQFHG WHFKQRORJ\ +RZHYHU LW LV FRQVLGHUHG WKDW WKHLU
SHUIRUPDQFH LV VLPLODU WR WKH HOHFWULF ZLWK D UDQJH H[WHQGHU VR WKH\ ZHUH QRW LQWURGXFHG QRW WR
XQQHFHVVDULO\FRPSOLFDWHWKHFDOFXODWLRQV%HWZHHQWKHIRXUDYDLODEOHWHFKQRORJLHVGRZQVL]HGJDVROLQH
GRZQVL]HGGLHVHOK\EULGDQGHOHFWULFZLWKUDQJHH[WHQGHUDQ\PL[LVFRQVLGHUHGSRVVLEOHDVORQJDVWKH
DYHUDJH&2WDUJHWRIWKHQHZUHJLVWUDWLRQVLVPHW
7KH EDVHFDVH QHZ UHJLVWUDWLRQ GHYHORSPHQW FRQVLGHUHG LQ *HUPDQ\ LV VKRZQ LQ )LJXUH  7RWDO
UHJLVWUDWLRQVSHU\HDUDUHLQWKHRUGHURIPLOOLRQYHKLFOHVZLWKPRUHWKDQKDOIEHLQJVPDOOSHWURODQG
GLHVHORQHV$QXPEHURIVWUXFWXUDOFKDQJHVZHUHLQWURGXFHGLQWKHVHQHZUHJLVWUDWLRQVLQRUGHUWREXLOG
WKHWKUHHDOWHUQDWLYHVFHQDULRVEXWWKHWRWDOQXPEHUDOZD\VUHPDLQHGWKHVDPH


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YH
KV

3HWUROO
3HWUROO
'LHVHOO
'LHVHO!O
+\EULGV
3HWURO!O

)LJ1HZYHKLFOHUHJLVWUDWLRQVLQ*HUPDQ\FRQVLGHUHGLQWKHEDVHFDVHVFHQDULR

x 6FHQDULRGRZQVL]LQJDVVXPHVDVKLIWWRZDUGVVPDOOYHKLFOHVDWWKHH[SHQVHRIELJJHUFDUV
$FFRUGLQJWRWKLVVFHQDULRRIPHGLXPVL]HJDVROLQHFDUVDUHVXEVWLWXWHGE\VPDOORQHVZKHUHDV
ODUJHJDVROLQHDQGGLHVHOFDUVDUHFRPSOHWHO\SKDVHGRXWE\,QRUGHUWRDFKLHYHWKHWDUJHW
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RIK\EULGVDUHVXEVWLWXWHGE\HOHFWULFYHKLFOHV7KLVUHVXOWVLQWKHYHKLFOHPDUNHWEHLQJGRPLQDWHG
E\VPDOOFDUVZLWKDVKDUHLQQHZUHJLVWUDWLRQVE\
x 6FHQDULRK\EULGL]DWLRQDVVXPHVDQDJJUHVVLYHSHQHWUDWLRQRIK\EULGYHKLFOHV$FFRUGLQJWRWKLV
VFHQDULRRIPHGLXPVL]HJDVROLQHFDUVDQGRIODUJHJDVROLQHDQGGLHVHOFDUVDUHVXEVWLWXWHG
E\K\EULGJDVROLQHDQGGLHVHOFDUVUHVSHFWLYHO\E\$JDLQRIWKHEDVHFDVHK\EULGVDUH
VXEVWLWXWHGE\HOHFWULFYHKLFOHV$VDUHVXOWWKHSHQHWUDWLRQRIK\EULGYHKLFOHVLQFUHDVHVIURPWR
IURPWRZKHUHDVLWLVLQWKHRUGHURIWRLQWKHEDVHFDVHRYHUWKHVDPHSHULRG
x 6FHQDULRHOHFWULILFDWLRQDVVXPHVDQDJJUHVVLYHSHQHWUDWLRQRIHOHFWULFYHKLFOHVZLWKDUDQJH
H[WHQGHU&RPSDUHGWRWKHSUHYLRXVVFHQDULRVDVPDOOHUIUDFWLRQRIPHGLXPDQGODUJHFDUVRI
PHGLXPVL]HJDVROLQHFDUVDQGRIODUJHJDVROLQHDQGGLHVHOFDUVLVVXEVWLWXWHGE\HOHFWULF
YHKLFOHV7KLVUHVXOWVLQDQVKDUHRI(5(9LQWKHWRWDOQHZUHJLVWUDWLRQVE\
,Q DOO WKHVH VFHQDULRV DQ DYHUDJH YDOXH RI  JNP LV DFKLHYHG IRU WKH HPLVVLRQ OHYHO RI QHZ
UHJLVWUDWLRQVRYHUWKHW\SHDSSURYDOWHVW7KHUHSODFHPHQWSDWWHUQVDVVXPHGZHUHEDVHGRQDVVXPSWLRQV
$OWHUQDWLYHUHSODFHPHQWVZRXOGOHDGWRDGLIIHUHQWQHW&2EHQHILWWKDQWKHRQHFDOFXODWHGLQWKLVVWXG\
%DVHGRQWKHVHDVVXPSWLRQVRQVWRFNHYROXWLRQWKHVKDUHRIQHZUHJLVWUDWLRQVDQGXVLQJWKHHPLVVLRQ
IDFWRUV GHYHORSHG ZLWK WKH VLPXODWLRQV LQ WKH SUHYLRXV VHFWLRQ )LJXUH  VKRZV KRZ WKH DYHUDJH UHDO
ZRUOG &2 HPLVVLRQ IDFWRU RI QHZ SDVVHQJHU FDUV LQ *HUPDQ\ ZLOO HYROYH DFFRUGLQJ WR WKH WKUHH
VFHQDULRVFRPSDUHGWRWKHEDVHFDVH7KHJUDSKVKRZVWKDWWKHEDVHFDVHHPLVVLRQIDFWRUZLOOGURSLQDQ\
FDVH GXH WR WKH H[LVWLQJ WUHQGV RI GRZQVL]LQJ DQG WHFKQRORJ\ LPSURYHPHQW$OVR WKH JUDSK VKRZV WKH
³5HJXODWLRQ´ OLQHZKLFKFRUUHVSRQGV WR WKHDYHUDJHHPLVVLRQ IDFWRU LI WKH W\SHDSSURYDOHPLVVLRQ OHYHO
ZDVUHSUHVHQWDWLYHRIWKHDFWXDORQH
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%DVHFDVH 'RZQVL]LQJ +\EULGL]DWLRQ (OHFWULILFDWLRQ 5HJXODWLRQ

)LJ$YHUDJHUHDOZRUOG&2HPLVVLRQIDFWRURIQHZSDVVHQJHUFDUUHJLVWUDWLRQVLQ*HUPDQ\DFFRUGLQJWRWKUHHVFHQDULRV
FRPSDUHGWRWKHVWDWXWRU\³5HJXODWLRQ´PHDQHPLVVLRQIDFWRU
$OOVFHQDULRVUHVXOWWRHPLVVLRQIDFWRUVKLJKHUWKDQWKHEDVHFDVHRQHEHIRUH7KHUHDVRQIRUWKLVLV
WKDWWKHLQWURGXFWLRQRIQHZWHFKQRORJLHVSURGXFHVDQHPLVVLRQPDUJLQRYHUWKHIL[HGDQQXDOWDUJHW)RU
H[DPSOH K\EULG DQG HOHFWULF YHKLFOHV DUH DOUHDG\ PXFK EHORZ WKH  JNP WDUJHW ZKLFK DOORZV WKH
UHJLVWUDWLRQ RI D VLJQLILFDQW QXPEHU RI KLJK&2 HPLWWHUV ODUJH DQG SRZHUIXO YHKLFOHV 6XFK YHKLFOHV
WHQGWRKDYHPXFKKLJKHUUHDOZRUOGRYHUW\SHDSSURYDOHPLVVLRQUDWLRDQGDVDUHVXOWWKHDYHUDJHUHDO
ZRUOGHPLVVLRQ IDFWRU WHQGV WREHKLJKHUHYHQ WKDQ WKHEDVHFDVHRQH7KLV WUHQGDOVRH[SODLQVZK\ WKH
HOHFWULILFDWLRQVFHQDULRUHVXOWV WRKLJKHUHPLVVLRQV WKDQ WKHK\EULGL]DWLRQRQH LQ WKH\HDUV WRFRPH7KH
HPLVVLRQEHQHILWWKDWWKHLQWURGXFWLRQRIHOHFWULFYHKLFOHVSURGXFHVLQW\SHDSSURYDOLVVRKLJKWKDWVHYHUDO
KLJKHPLWWHUVFDQEHDFFRPPRGDWHGZKLOHVWLOOPHHWLQJWKHDYHUDJHWDUJHW%DVHGRQWKHVHFRQVLGHUDWLRQV
WKH HPLVVLRQ UHGXFWLRQV RYHU WKH EDVHFDVH DFKLHYHG LQ  UDQJH IURP  IRU WKH HOHFWULILFDWLRQ
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VFHQDULR WRIRU WKHGRZQVL]LQJVFHQDULRDQGIRU WKHK\EULGL]DWLRQVFHQDULR0RUHRYHU LIRQH
WDNHV XSVWUHDP &2 HPLVVLRQV LQWR FRQVLGHUDWLRQ WRWDO &2 HPLVVLRQ EHQHILWV GURS WR  IRU WKH
HOHFWULILFDWLRQVFHQDULR
7KHDFWXDO&2HPLVVLRQEHQHILWV WKDWFDQEH LQWURGXFHGDW D IOHHW OHYHOE\ WKH WKUHH VFHQDULRVDUHD
FRPELQHGHIIHFWRI WKHSHUIRUPDQFHRI WKHQHZYHKLFOHV UHJLVWHUHGDQG WKHSHUIRUPDQFHRI WKHYHKLFOHV
WKH\ UHSODFH 7KLV LV VKRZQ LQ )LJXUH  7KH EHQHILW LQFUHDVHV ZLWK WLPH RYHU WKH EDVHFDVH DV DQ
LQFUHDVLQJQXPEHURILPSURYHGYHKLFOHVLV LQWURGXFHGLQWKHVWRFN,QWKLVFDVH WKHGRZQVL]LQJDQGWKH
HOHFWULILFDWLRQ VFHQDULRV UHVXOW WRPRUHRU OHVV VLPLODU UHGXFWLRQV7KLV LVEHFDXVHGRZQVL]LQJ LVPRVWO\
XVHG WR UHSODFH ODUJHU FDUV ZLWK VPDOOHU RQHV ZKLOH FDUV RI WKH VDPH PRUH RU OHVV VSHFLILFDWLRQV DUH
UHSODFHG LQ WKHHOHFWULILFDWLRQ VFHQDULR+LJKHVWHPLVVLRQ UHGXFWLRQV RYHUDOORYHU WKHEDVHFDVHDUH
DFKLHYHGIRUWKHK\EULGL]DWLRQVFHQDULR
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%DVHFDVH 'RZQVL]LQJ +\EULGL]DWLRQ (OHFWULILFDWLRQ JNP

)LJ7RWDO&2HPLVVLRQHYROXWLRQIURPSDVVHQJHUFDUVDFFRUGLQJWRWKHWKUHHVFHQDULRVDQGWKHVWDWXWRU\UHGXFWLRQV³JNP
&RQFOXVLRQV
$QXPEHURIFRQFOXVLRQVFDQEHGUDZQIURPWKLVZRUNZLWKUHJDUGWRWKHUHDOZRUOGGHYHORSPHQWRI
&2HPLVVLRQVIURPSDVVHQJHUFDUV7KUHHVFHQDULRVZHUHGHVLJQHGIROORZLQJDEDVHFDVHRQHWRVLPXODWH
WKUHH GLUHFWLRQV LQ UHGXFLQJ HPLVVLRQV LH GRZQVL]LQJ HOHFWULILFDWLRQ DQG K\EULGL]DWLRQ $ UDQJH RI
DVVXPSWLRQVZDVXVHGLQIRUPXODWLQJHDFKVFHQDULRVRWKDWWKHDYHUDJHRIJNPRYHUWKH1('&ZDV
PHW LQHDFKRI WKHP)RU VLPXODWLQJ WKH UHDOZRUOGSHUIRUPDQFHRI YHKLFOHV WKH VXLWH RI WKUHH$UWHPLV
F\FOHV 8UEDQ 5RDG 0RWRUZD\ ZDV XVHG :H KDYH VHOHFWHG WKH *HUPDQ VWRFN IRU WKH VLPXODWLRQV
6RPHKRZ GLIIHUHQWLDWHG FRQFOXVLRQV PD\ EH UHDFKHG ZKHQ DSSO\LQJ WKH VDPH VFHQDULRV LQ RWKHU
FRXQWULHV IRU H[DPSOH LQ FRXQWULHV ZLWK D KLJK GLHVHO VKDUH HJ )UDQFH %HOJLXP« %DVHG RQ WKH
VLPXODWLRQVXQGHUWKHFRQGLWLRQVH[SORUHGWKHIROORZLQJFRQFOXVLRQVPD\EHGUDZQ
x 'LIIHUHQWDSSURDFKHVDUHSRVVLEOHWREULQJWKH1('&DYHUDJH&2HPLVVLRQRIQHZFDUVGRZQWR
JNP$VWKUHHGLVWLQFWDOWHUQDWLYHDSSURDFKHVZHGHPRQVWUDWHGWKDWWKHWDUJHWFDQEHUHDFKHGE\
GRZQVL]LQJRIFRQYHQWLRQDOYHKLFOHVE\K\EULGL]DWLRQDQGE\HOHFWULILFDWLRQRIWKHQHZYHKLFOHVWRFN
x 7KHDFWXDOHPLVVLRQEHQHILWYDULHVZLWKVFHQDULRZKHQDJNPDYHUDJH&2HPLVVLRQWDUJHWLVIL[HG
&RPSDUHGWRDEDVHFDVHGHYHORSPHQWWKHVFHQDULRVZHH[DPLQHGUHVXOWWRUHDOZRUOG&2HPLVVLRQ
EHQHILWIURPQHZUHJLVWUDWLRQVLQWKDWUDQJHIURPIRUWKHHOHFWULILFDWLRQVFHQDULRIRUWKH
GRZQVL]LQJVFHQDULRDQGIRUWKHK\EULGL]DWLRQVFHQDULR
x 7KHDYHUDJHUHDOZRUOG&2HPLVVLRQIDFWRUH[FHHGHGWKHDJUHHGJNPYDOXHLQDOOVFHQDULRV
LQK\EULGL]DWLRQLQGRZQVL]LQJDQGLQWKHHOHFWULILFDWLRQVFHQDULRV
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x 7KHDFWXDOHPLVVLRQEHQHILWIURPWKHVWRFNDOVRGHSHQGVRQWKHYHKLFOHVEHLQJUHSODFHG6LQFH
GRZQVL]LQJFDQEHDSSOLHGWRODUJHUYHKLFOHVZKLOHHOHFWULILFDWLRQLVPRUHUHOHYDQWIRUVPDOOHU
YHKLFOHVLWDSSHDUVWKDWGRZQVL]LQJDQGHOHFWULILFDWLRQUHVXOWWRVLPLODURYHUDOOHPLVVLRQEHQHILWV
x 7KHFDOFXODWLRQXQFHUWDLQW\LVKLJKHVWIRUWKHHOHFWULILFDWLRQVFHQDULR2SWLPL]DWLRQRIWKHHOHFWULF
YHKLFOHXVDJHSDWWHUQHJXVHRQO\LQXUEDQGULYLQJFDQJUHDWO\LQFUHDVHWKHEHQHILW2QWKHRWKHU
KDQGWKHYHU\ORZ&2HPLVVLRQVDFKLHYHGE\HOHFWULFYHKLFOHVRYHUW\SHDSSURYDOSURYLGHWKHPDUJLQ
IRUWKHLQWURGXFWLRQRIODUJHFRQYHQWLRQDOFDUVLQWKHIOHHW7KLVFRXQWHUEDODQFHVWKHEHQHILWV
x ,IRQHWDNHVLQWRDFFRXQWWKH&2HPLVVLRQVIRUHOHFWULFLW\JHQHUDWLRQDQGDSURMHFWHGHQHUJ\PL[LQ
WKHEHQHILWVRIWKHHOHFWULILFDWLRQVFHQDULRRYHUWKHEDVHFDVHIXUWKHUGLPLQLVK
x 7KHK\EULGL]DWLRQVFHQDULRDFKLHYHVWKHEHVWRYHUDOOUHVXOWEHFDXVHK\EULGVVHHPWRSHUIRUPZHOOXQGHU
DOOGULYLQJFRQGLWLRQV,QDGGLWLRQWKH\KDYHDW\SHDSSURYDO&2HPLVVLRQYHU\FORVHWRWKHWDUJHW
ZKLFKPHDQVWKDWSURYLGHOLPLWHGPDUJLQIRUWKHLQWURGXFWLRQRIYHKLFOHW\SHVZLWKKLJKHUHPLVVLRQV
7KHVH FRQFOXVLRQV VKRZ WKDW WKH HIIHFWLYHQHVV RI5HJXODWLRQ  LQ DFKLHYLQJ UHDOZRUOG&2
HPLVVLRQ UHGXFWLRQV ZLOO JUHDWO\ GHSHQG RQ WKH WHFKQRORJ\ SDWKZD\ WKDW ZLOO EH XVHG WR DFKLHYH WKH
WDUJHWV DVZHOO DV WKH YHKLFOHV EHLQJ UHSODFHG E\ QHZ WHFKQRORJ\7KLV KDV EHHQ DQ H[SORUDWRU\ VWXG\
RQO\ DQG GRHV QRW DLP DW UHFRPPHQGLQJ D SDUWLFXODU WHFKQRORJ\ SDWKZD\ +RZHYHU LW KDV EHHQ
GHPRQVWUDWHGWKDWWKHGLIIHUHQFHEHWZHHQWKHEHVWDQGWKHZRUVWVFHQDULRH[DPLQHGLVLHDVLIWKH
DFWXDOWDUJHWZDVJNPLQVWHDGRIJNPLQRQHRIWKHVFHQDULRV0RUHRYHUWKHDQDO\VLVKDVVKRZQ
WKDW WKH FRPELQDWLRQ RI HOHFWULILFDWLRQ ZLWK D IL[HG DYHUDJH &2 HPLVVLRQ WDUJHW PLJKW RQO\ OHDG WR
PDUJLQDORYHUDOOEHQHILWVPXFK ORZHUHYHQ WKDQGRZQVL]LQJ7KH ODWWHU LVPXFKHDVLHU WRDFKLHYHERWK
IURP D WHFKQLFDO DQG LQIUDVWUXFWXUDO SRLQW RI YLHZ ,Q RWKHU ZRUGV WKH GHSOR\PHQW RI HOHFWULILFDWLRQ
UHTXLUHVFORVHPRQLWRULQJDQGJXLGDQFHLQRUGHUWRDFKLHYHLWVH[SHFWHGEHQHILWV
$FNQRZOHGJHPHQWV
7KLVZRUNKDVEHHQIXQGHGLQWKHIUDPHZRUNRIWKHDFWLYLWLHVRIWKH(XURSHDQ7RSLF&HQWUHRQ$LUDQG
&OLPDWH&KDQJHRIWKH(XURSHDQ(QYLURQPHQW$JHQF\$OIUHGR6DQFKH]9LFHQWH&LQ]LD3DVWRUHOORDQG
3HGHU-HQVHQDUHDFNQRZOHGJHGIRUWKHJXLGDQFHDQGWKHUHYLHZRIRXUDSSURDFKLQWKLVVWXG\
5HIHUHQFHV
$QGUp07KH$57(0,6(XURSHDQGULYLQJF\FOHVIRUPHDVXULQJFDUSROOXWDQWHPLVVLRQV6FLHQFHRIWKH7RWDO(QYLURQPHQW

(XURSHDQ&RPPLVVLRQD(8HQHUJ\DQGWUDQVSRUWLQILJXUHV6WDWLVWLFDO3RFNHWERRN,6%1
(XURSHDQ&RPPLVVLRQE(8(QHUJ\7UHQGVWR,6%1GRL
8KHUHN(HWDO7UDQVSRUWLPSDFWVRQDWPRVSKHUHDQGFOLPDWH/DQGWUDQVSRUW$WPRVSKHULF(QYLURQPHQW
81(&(5HJXODWLRQ1R5HY(PLVVLRQVRIFDUERQGLR[LGHDQGIXHOFRQVXPSWLRQ
KWWSZZZXQHFHRUJWUDQVPDLQZSZSUHJVKWPO
9&$7\SHDSSURYDOGDWDRIWKH8.9HKLFOH7\SH$SSURYDODXWKRULW\GRZQORDGHGIURPZZZYFDJRYXN
